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METHOD FORTRANSMITTING 
REFERENCE SIGNALS IN ADOWNLINK 
MULTIPLE INPUT MULTIPLE OUTPUT 

SYSTEM 

This application is a Continuation of co-pending U.S. 
patent application Ser. No. 14/095,758 filed on Dec. 3, 2013, 
which is a Continuation of application Ser. No. 13/132.261 
filed on Jun. 1, 2011 (now U.S. Pat. No. 8,619,693, issued on 
Dec. 31, 2013), which is the national phase application of 
PCT International Application No. PCT/KR2009/007 150 
filed on Dec. 2, 2009, which claims priority to Application 
No. 10-2009-0089528 filed in the Republic of Korea on Sep. 
22, 2009, and which claims priority to U.S. Provisional Appli 
cation Nos. 61/173,601 filed on Apr. 29, 2009: 61/157,183 
filed on Mar. 3, 2009: 61/147,172 filed on Jan. 26, 2009; and 
61/119,357 filed on Dec. 2, 2008. The entire contents of all 
the above applications are hereby incorporated by reference. 

BACKGROUND 

1. Field of the Invention 
The present invention relates to a method for efficiently 

transmitting Reference Signals (RSs) in a Multiple Input 
Multiple Output (MIMO) communication system, under an 
environment where antennas are added to an existing system. 

2. Discussion of Related Art 
Long Term Evolution (ITE) Physical Structure 
3' Generation Partnership Project (3GPP) supports a 

type-1 radio frame structure for application in Frequency 
Division Duplex (FDD) and a type-2 radio frame structure for 
application in Time Division Duplex (TDD). 

FIG. 1 illustrates the type-1 radio frame structure. A type-1 
radio frame includes 10 subframes each having two slots. 

FIG. 2 illustrates the type-2 radio frame structure. A type-2 
radio frame includes two half frames each having 5 sub 
frames, a Downlink Pilot Time Slot (DwPTS), a Guard Period 
(GP), and an Uplink Pilot Time Slot (UpPTS). Each subframe 
includes two slots. The DwPTS is used for initial cell search, 
synchronization, or channel estimation in a User Equipment 
(UE), whereas the UpPTS is used for channel estimation in a 
Base Station (BS) and uplink transmission synchronization in 
a UE. The GP is a period between a downlink and an uplink, 
for eliminating interference with the uplink caused by a 
multi-path delay of a downlink signal. Irrespective of the 
types of radio frames, each subframe includes two slots. 

FIG.3 illustrates an LTE downlink slot structure. Referring 
to FIG. 3, a signal transmitted in each downlink slot may be 
described by a resource grid with N' N. subcarriers by 
Nsm ' Orthogonal Frequency Division Multiplexing 
(OFDM) symbols. NP represents the number of downlink 
Resource Blocks (RBs) and N. represents the number of 
subcarriers per RB. N., ' represents the number of OFDM 
symbols in the downlink slot. 

FIG. 4 illustrates an ITE uplink slot structure. Referring to 
FIG. 4, a signal transmitted in each uplink slot may be 
described by a resource grid with N'Ns “subcarriers by 
Nsm '- Single Carrier-Frequency Division Multiple Access 
(SC-FDMA) symbols. N' represents the number of 
uplink RBs and N. represents the number of subcarriers 
per RB. N.' represents the number of SC-FDMA sym 
bols in the uplink slot. 
A Resource Element (RE) is a resource unit indicated by 

index (a,b) in the downlink and uplink slots, occupying one 
subcarrier by one OFDM or SC-FDMA symbol. Here, a 
denotes a frequency index and b denotes a time index. 
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2 
FIG.5 illustrates an example of a downlink subframe struc 

ture. Referring to FIG. 5, the first three OFDM symbols of a 
first slot form a control region allocated to control channels, 
and the other OFDM symbols of the first slot form a data 
region allocated to a Physical Downlink Shared CHannel 
(PDSCH) in a subframe. In 3GPP LTE, the downlink control 
channels include, for example, a Physical Control Format 
Indicator CHannel (PCFICH), a Physical Downlink Control 
CHannel (PDCCH), and a Physical Hybrid Automatic Repeat 
request (ARQ) Indicator CHannel (PHICH). 
The PCFICH, which is transmitted in the first OFDM sym 

bol of a subframe, carries information about the number of 
OFDM symbols used for the control channels of the sub 
frame. The PHICH delivers a Hybrid ARQ (HARQ) 
ACKnowledgment/Negative ACKnowledgment (ACK/ 
NACK) signal as a response for an uplink transmission. The 
PDCCH delivers control information called Downlink Con 
trol Information (DCI) which includes downlink or uplink 
scheduling information or information about an uplink trans 
mit power control command for a user group. Specifically, the 
PDCCH may carry transport format information, a resource 
assignment of a Downlink Shared CHannel (DL-SCH), pag 
ing information on a Paging CHannel (PCH), System infor 
mation on the DL-SCH, a resource assignment of an upper 
layer control message Such as a random access response 
transmitted on a PDSCH, a set of transmit power control 
commands for individual UEs of a UE group, and Voice over 
Internet Protocol (VoIP) activation information. A plurality of 
PDCCHs may be transmitted in the control region. A UE may 
monitor the plurality of PDCCHs. A PDCCH is transmitted in 
a set of one or more consecutive Control Channel Elements 
(CCEs). The CCEs are logical allocation units used to provide 
a coding rate to the PDCCH based on a radio channel state. A 
CCE is a plurality of RE groups. The format of the PDCCH 
and the number of bits available to the PDCCH are deter 
mined according to the correlation between the number of 
CCEs and a coding rate that the CCEs provide. A BS deter 
mines the format of the PDCCH based on DCI transmitted to 
a UE on the PDCCH and attaches a Cyclic Redundancy 
Check (CRC) to the control information. 
The CRC is masked with an Identifier (ID) specific to the 

usage of the PDCCH or the user (a Radio Network Temporary 
Identifier (RNTI)). If the PDCCH is destined for a particular 
UE, the CRC may be masked with an ID specific to the UE 
(e.g. a Cell-RNTI (C-RNTI)). If the PDCCH is used for a 
paging message, the CRC may be masked with a paging 
indicator ID (e.g. a Paging-RNTI (P-RNTI)). If the PDCCH is 
used to carry system information, particularly System Infor 
mation Blocks (SIBs), the CRC may be masked with a system 
information ID and a System Information-RNTI (an 
SI-RNTI). To indicate a random access response to a random 
access preamble received from a UE, the CRC may be 
masked with a Random Access-RNTI (a RA-RNTI). 

FIG. 6 illustrates an uplink subframe structure. Referring 
to FIG. 6, an uplink subframe may be divided into a control 
region and a data region in the frequency domain. The control 
region is allocated to Physical Uplink Control CHannels 
(PUCCHs) for carrying uplink control information. The data 
region is allocated to a Physical Uplink Shared CHannel 
(PUSCH) for transmitting data. To maintain a single carrier 
property, a UE does not transmit a PUCCH and a PUSCH 
simultaneously. A pair of RBs are allocated to a PUCCH for 
a UE in a subframe. The RBs respectively occupy different 
Subcarriers in two slots, with frequency hopping at the bound 
ary between the slots. 

Definition of MIMO 
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The term “MIMO is short for Multiple Input Multiple 
Output. Beyond conventional Schemes using a single Trans 
mit (Tx) antenna and a single Reception (RX) antenna, MIMO 
uses a plurality of Tx antennas and a plurality of RXantennas 
to thereby increase the transmission and reception efficiency 
of data. With the use of multiple antennas at a transmitter or a 
receiver, MIMO seeks to increase capacity or improve per 
formance in a wireless communication system. The term 
“MIMO is interchangeable with “multiple antenna'. 
The MIMO technology does not depend on a single 

antenna path to receive an entire message. Rather, it com 
pletes the message by combining data fragments received 
through a plurality of antennas. Because MIMO may increase 
data rate within a certain area or extend system coverage at a 
given data rate, it is considered as a promising future-genera 
tion mobile communication technology that may find its use 
in a wide range including mobile terminals, relays, etc. With 
the growth of data communication, MIMO is attracting atten 
tion as a future-generation technology that may overcome a 
limit on transmission capacity that is almost reached due to 
the increased data communication. 
MIMO System Model 
FIG. 7 illustrates the configuration of a typical MIMO 

communication system. Referring to FIG. 7, a simultaneous 
increase in the number of Tx antennas of a transmitter to N. 
and in the number of RXantennas of a receiverto N increases 
a theoretical channel transmission capacity in proportion to 
the number of antennas, compared to use of a plurality of 
antennas at only one of the transmitter and the receiver. 
Therefore, transmission rate and frequency efficiency are 
remarkably increased. Given a maximum transmission rate 
R. that may be achieved in case of a single antenna, the 
increase of channel transmission capacity may increase the 
transmission rate, in theory, to the product of RandR, in case 
of multiple antennas. R, is a transmission rate increase rate. 

R, min(NN) Equation 1 

For instance, a MIMO communication system with four Tx 
antennas and four RX antennas may achieve a four-fold 
increase in transmission rate theoretically, relative to a single 
antenna system. Since the theoretical capacity increase of the 
MIMO system was proved in the middle 1990s, many tech 
niques have been actively studied to increase data rate in real 
implementation. Some of the techniques have already been 
reflected in various wireless communication standards for 3" 
Generation (3G) mobile communications, future-generation 
Wireless Local Area Network (WLAN), etc. 

Concerning the research trend of MIMO, active studies are 
underway in many respects of MIMO, inclusive of studies of 
information theories related to calculation of multi-antenna 
communication capacity in diverse channel environments 
and multiple access environments, studies of measuring 
MIMO radio channels and MIMO modeling, studies of time 
space signal processing techniques to increase transmission 
reliability and transmission rate, etc. 

To describe a communication scheme in a MIMO system in 
detail, the following mathematical model may be used. It is 
assumed that there are NTXantennas and NRX antennas as 
illustrated in FIG. 7. Regarding a transmission signal, up to 
N pieces of information can be transmitted through the N. 
TX antennas, as expressed as the following vector. 

T S-ls 1s2, ..., SN) Equation 2 
A different transmit power may be applied to each piece of 

transmission informations, s.... s. Let the transmit power 
levels of the transmission information be denoted by P. 
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P. . . . , Px, respectively. Then the power-controlled trans 
mission informations may be given as Equation 3. 

SIS1, S2, ..., SN) -(PS1PS2, ...,PNSN Equation 3 

S may be expressed as a diagonal matrix P of transmit 
power. 

Equation 4 

S 

Meanwhile, actual N, transmitted signals x1, x2, ..., xv. 
may be configured by applying a weight matrix W to the 
power-controlled information vectors. The weight matrix W 
functions to appropriately distribute the transmission infor 
mation to the TX antennas according to transmission channel 
statuses, etc. These transmitted signals X, X. . . . . Xv, are 
represented as a vector X, which may be determined as 

Equation 5 

XNT 

1 W2 WIN. Sl 

121 W22 w2N || $2 

vil wi2 WiN Si 

WNT1 WNT2 ... WNTNT Sw 
= WS 

= WPS 

W, denotes a weight for a j" piece of information trans 
mitted through an i' Tx antenna. W is also referred to as a 
precoding matrix. 

Given NRXantennas, signals received at the RXantennas, 
y1, y2, ... yx, R may be represented as the following vector. 

T JA 12, ...,NR Equation 6 

When channels are modeled in the MIMO communication 
system, they may be distinguished according to the indexes of 
Tx and Rx antennas and the channel between aj"Tx antenna 
and an i' RX antenna may be represented as h. It is to be 
noted herein that the index of the RXantenna precedes that of 
the TX antenna in hi. 
The channels may be represented as vectors and a matrix 

by grouping them. The vector representation of channels may 
be carried out in the following manner. 
FIG.8 illustrates channels from NTXantennas to ani' RX 

antenna. 

Referring to FIG. 8, the channels from the NTx antennas 
to the i' Rx antenna may be expressed as Equation 7. 

h'-Lh;1.hp,..., h;NJ Equation 7 

Also, all channels from NTX antennas to NRX antennas 
may be expressed as the following matrix. 
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T h; h11 hi2 hiNT Equation 8 

h; h21 ha. h2NT 

H = r 5 
h h;1 h;2 hiNT 

hko hNR1 hnR2 hNRNT 
10 

Actual channels experience the above channel matrix H 
and then are added with Additive White Gaussian Noise 

(AWGN). The AWGN n, n.,..., n added to the N Rx 
antennas is given as the following vector. 

15 

n (n1, m2, ..., nN. Equation 9 

From the above modeled equations, the received signal is 
given as 

2O 

y Equation 10 
y2 

y = | 
y 25 

yNR 

h11 h12 h1NT | x1 in 
h21 h22 h2NT X2 in2 

30 

-- 
h;1 h;2 h;N i iii 

hNo 1 h.Nf2 hNR N J .NT NR 
= Hy - in 35 

Meanwhile, the numbers of rows and columns of the chan 
nel matrix H representing a channel status are determined 
according to the number of Tx antennas and the number of RX 40 
antennas, respectively. That is, the number of rows of the 
channel matrix H is equal to that of Tx antennas, N and the 
number of columns of the channel matrix His equal to that of 
RX antennas, N. Thus the channel matrix H may be 
expressed as an N..N. matrix. In general, the rank of a 45 
matrix is determined to be the smaller between the number of 
independent rows and the number of independent columns in 
the matrix. Accordingly, the rank of the matrix is not larger 
than the number of rows or columns. For example, the rank of 
the channel matrix H, rank(H) is limited as follows. 50 

rank(H)smin (NN) Equation 11 

Reference Signals (RSs) 
In a mobile communication system, a packet is transmitted 

on a radio channel. In view of the nature of the radio channel, 
the packet may be distorted during the transmission. To 
receive the signal Successfully, the receiver should compen 
sate for the distortion in the received signal using channel 
information. Generally, to enable the receiver to acquire the 
channel information, the transmitter transmits a signal known 60 
to both the transmitter and the receiver and the receiver 
acquires knowledge of channel information based on the 
distortion of the signal received on the radio channel. This 
signal is called a pilot signal or an RS. 

According to the purposes that they serve, RSS are catego 
rized into four types as listed in Table 1, Channel Quality 
Indicator-Common Reference Signal (CQI-CRS), Demodu 
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lation-Common Reference Signal (DM-CRS), Non-pre 
coded Demodulation-Dedicated Reference Signal (NDM 
DRS), and Precoded Demodulation-Dedicated Reference 
Signal (PDM-DRS). 

TABLE 1 

RS Types Notes 

CQI-CRS A common reference signal used for channel measurement. 
The UE determines a CQI, a Precoding Matrix Indicator 
(PMI), and a Rank Indicator (RI) based on CQI-CRSs. Thus, 
preferably, CQI-CRSs are uniformly distributed across a total 
frequency band. 
Although a DM-CRS is a common reference signal used for 
demodulation, it can be also used for channel measurement. 
Because a plurality of UEs use DM-CRSs for channel 
measurement, a precoding scheme for a specific UE cannot 
be applied to the DM-CRSs. Thus, when a transmitter 
precodes a Physical Downlink Shared CHannel (PDSCH), 
it needs to signal a used codebook on a Physical Downlink 
Control CHannel (PDCCH) to a receiver. 
A non-precoded dedicated reference signal used for 
demodulation. 
A precoded dedicated reference signal used for modulation. 
The same precoding scheme is applied to the PDM-DRS and 
the PDSCH. Thus there is no need for signaling a used 
codebook on the PDCCH. 

DM-CRS 

NDM-DRS 

PDM-DRS 

In case of data transmission and reception through multiple 
antennas, knowledge of channel states between TX antennas 
and RX antennas is required for Successful signal reception. 
Accordingly, an RS should exist for each TX antenna. 

FIG.9 illustrates a downlink RS allocation structure in case 
of a normal Cyclic Prefix (CP) in a 3GPP LTE system, and 
FIG. 10 illustrates a downlink RS allocation structure in case 
of an extended CP in the 3GPP LTE system. The downlink RS 
allocation structures illustrated in FIGS. 9 and 10 are for the 
current 3GPP LTE system. 

Referring to FIGS. 9 and 10, the horizontal axis represents 
time and the vertical axis represents frequency in an RB. One 
subframe includes two slots. Each slot has seven OFDM 
symbols when the normal CP is used as illustrated in FIG. 9. 
whereas each slot includes six OFDM symbols when the 
extended CP is used as illustrated in FIG. 10. The extended 
CP is used generally under along-delay environment. The RS 
allocation structures illustrated in FIGS. 9 and 10 are 
designed for four Tx antennas in a B.S. Reference characters 
0, 1, 2 and 3 denote CRSs for first to fourth antenna ports, 
antenna port 0 to antenna port 3, respectively, and reference 
character D denote DRSs. 
As noted from FIGS. 9 and 10, in order to distinguish 

different antennas of a cell from one another, if an antenna 
port transmits an RSatan RE, the otherantenna ports transmit 
no signals at the RE. Because channel estimation is per 
formed using RSs, this scheme minimizes interference 
between antenna ports. When cell-specific RSs are used, the 
Subcarrier spacing between RSS in a symbol is 6 and thus a 
cell-specific frequency shift value may range from 0 to 5. To 
avoid the same RS positions between cells, each cell deter 
mines RS positions using its cell-specific frequency shift 
value, with the aim to improve channel estimation perfor 
mance by randomization of interference caused by RSs trans 
mitted from other cells. 

In the RS allocation structures illustrated in FIGS.9 and 10, 
RSs are mapped to RBs according to the following rules 
described as Equation 12 to Equation 15. Specifically, 
Equation 12 and Equation 13 describe the rule of mapping 
CRSs to RBs, and Equation 14 and Equation 15 describe 
the rule of mapping DRSs to RBs. 
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k = 6m + (v + vshift)mod 6 Equation 12 

= 0, NE-3 if p e {0, 1} 
1 if p e {2,3} 

m = 0, 1, ... , 2. NR - 1 
B. m’ = m + NE'' - NE 

O if p = 0 and l = 0 
3 if p = 0 and l + () 
3 if p = 1 and l = 0 

Fo if p = 1 and l + () 
3(n mod 2) if p = 2 
3 + 3 (n mod 2) if p = 3 

ceil vshi = Ni" mod 6 Equation 13 

normal CP Equation 14 

k = (k’)mod N + NE npre 
4m' + vshift if le {2,3} 

3 i = 0 

6 i = 1 
= 

2 i = 2 

5 - 3 

f 0, 1 if n mod 2 = 0 

={ if n mod 2 = 1 
m’ = 0, 1, ... , 3.NE - 1 
extended CP 

k = (k’)mod NEP + NEP.npr.g 
f 3m' + vshift if i = 4 

k it...as if i = 1 
4 i e {0, 2} 

1- i = 1 
r={ O if n mod 2 = 0 

1, 2 if n mod 2 = 1 

m’ = 0, 1, ... , 4.NE - 1 
ceil vshi = Ni" mod 3 Equation 15 

where V, denotes a frequency shift value, k denotes a 
Subcarrier index, p denotes an antenna port index, N'- 
denotes the number of allocated downlink RBs, n denotes a 
slot index, and N' denotes a cell ID. 

According to Equation 13 and Equation 15, RSs of a 
cell may be shifted along the frequency axis by a frequency 
shift value V, specific to the cell. 
CoMP System 
It is known that Inter-Cell Interference (ICI) generally 

degrades the performance of a UE at a cell edge. To minimize 
the performance degradation, a simple ICI mitigation tech 
nique is used, such as UE-specific Fractional Frequency 
Reuse (FFR) in LTE. However, an LTE-Advanced (LTE-A) 
system considers a technique for improving the performance 
of UEs at a cell edge by controlling ICI with coordination 
among a plurality of BSs. A system that Supports one UE in 
coordination of a plurality of cells is called a Coordinated 
Multi-Point (CoMP) system in the standardization phase of 
LTE-A. The CoMP is characterized in that two or more BSs or 
cells coordinate with one another to improve the communi 
cation performance between a BS (cell or sector) and a UE in 
a shadowing area. 
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8 
The CoMP system may increase the throughput of a UE at 

a cell edge by advanced MIMO transmission in a multi-cell 
environment. The CoMP system offers the benefits of ICI 
mitigation in the multi-cell environment and joint data Sup 
port of multi-cell BSs for a UE. In addition, system perfor 
mance may be improved since the BSS Support one or more 
UEs (e.g. MS 1 to MS K) in the same radio frequency 
resources. The BSS may also operate in Space Division Mul 
tiple Access (SDMA) based on channel information between 
the UE and the BSS. 

Depending on sharing of data and channel information 
among cells participating in a CoMP operation (hereinbelow, 
referred to as CoMP cells), different CoMP schemes are 
available. 
Scheme 1. Both channel information and data are shared 

among the CoMP cells. 
Scheme 2. Only channel information is shared among the 

CoMP cells. 
Scheme 3. Only data is shared among the CoMP cells. 
Scheme 4. Neither data nor channel information is shared 

among the CoMP cells. 
Scheme 1 may improve the performance of a UE at a cell 

edge significantly, as data and channel information are shared 
among a serving cell and neighbor cells. However, UES of the 
CoMP cells should feedback too a large amount of informa 
tion, which makes it difficult to implement Scheme 1 in a real 
system. Moreover, the sharing of channel information among 
the neighbor cells may lead to a long delay. 

In Scheme 2, the serving cell receives feedback channel 
information from UEs at cell edges in neighbor cells and 
mitigates ICI in a closed loop. While this scheme is consid 
ered as offering again with a minimal backhaul overhead, the 
feedback overhead of the UEs may impose a constraint on the 
system. 
Scheme 3 may achieve again through open-loop transmis 

Sion, minimizing system complexity. 
Since any particular information for ICI mitigation is not 

shared among the serving cell and the neighbor cells, Scheme 
4 enables simple ICI mitigation and is expected to give a 
marginal gain to the current LTE system. 

Physical Downlink Control Channel (PDCCH) 
The PDCCH carries control information about downlink 

data or uplink data. A UE determines whether there is down 
link data directed to the UE or whether the UE is allowed to 
transmit uplink data, by monitoring the PDCCH. In general, 
the PDCCH is transmitted in every subframe and the UE 
determines whether the PDCCH is for the UE by running a 
random function using its unique ID. 

Information transmitted on the PDCCH is divided into 
control information about downlink data and control infor 
mation about uplink data. The control information about 
downlink data includes resource allocation information, 
modulation and coding information, HARO process informa 
tion, a New data Indicator (NDI). Redundancy Version (RV) 
information, power control information, and additionally, 
precoding information when MIMO is supported. Different 
control information about downlink data may be defined 
according to an operation mode. 
The control information about uplink data includes 

resource allocation information, demodulation-RS resource 
information, COI transmission request information, and 
additionally, precoding information when MIMO is Sup 
ported. 
The LTE-A standardization working body is considering 

various techniques for further improving the performance of 
a UE at a cell edge by CoMP-based ICI mitigation. Among 
them, a joint processing/transmission Scheme transmits one 
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or more data streams from a plurality of cells to one UE, 
sharing one Physical Resource Block (PRB) among the cells. 
The CoMP cells have their cell-specific frequency shift val 
ues for CRSs and DRSs and different numbers of antennas. 
This means that the CoMP cells have different RS allocation 
patterns. As a consequence, RES each carrying both data and 
an RS exist in a PRB allocated to the UE. If CRSS and DRSS 
reside together in a symbol, it may occur that CRSs overlap 
with DRSs according to the frequency shift values V, of the 
cells. Consequently, system performance is degraded. 

SUMMARY OF THE INVENTION 

An object of the present invention devised to solve the 
problem provides a method for transmitting RSs with mini 
mum Inter-Cell Interference (ICI) from a plurality of cells 
participating in a Coordinated Multi-Point (CoMP) opera 
tion. 

The object of the present invention can be achieved by 
providing, in a system having a plurality of cells participating 
in a Coordinated Multi-Point (CoMP) operation, a method for 
transmitting Reference Signals (RSs) to User Equipment 
(UE), the method including generating, by Base Station (BS) 
included in each of the plurality of cells, a subframe including 
RSs for a UE located in the each of the plurality of cells; and 
transmitting the generated subframe to the UE by the BS. The 
RSs include RSS for channel measurement, and RSS for data 
demodulation, the plurality of cells are grouped according to 
frequency shift values applied to the RSS for channel mea 
surement and RS allocation patterns are determined for two 
cells among the plurality of cells according to a predeter 
mined rule. 
The two cells may be included in two different groups and 

one offrequency shift values other than frequency shift values 
applied to the RSS for channel measurement of the two dif 
ferent groups is used as a frequency shift value applied to RSS 
for data demodulation of the two cells. 
The two cells may be included in the same group and one 

of frequency shift values other than a frequency shift value 
applied to RSS for channel measurement of the group is used 
as a frequency shift value applied to the RSs for data demodu 
lation of the two cells. 
The system may support three frequency shift values 

applied to the RSs for channel measurement. 
Information about the RS allocation patterns can be trans 

mitted on a Physical Downlink Control CHannel (PDCCH) or 
by Radio Resource Control (RRC) signaling. 

In another aspect of the present invention, provided herein 
is, in a system having a plurality of cells participating in a 
Coordinated Multi-Point (CoMP) operation, a method for 
transmitting Reference Signals (RSs) to User Equipment 
(UE) including generating, by Base Station (BS) included in 
each of the plurality of cells, a subframe including RSS for a 
UE located in each of the plurality of cells; and transmitting 
the generated subframe to the UE by the BS. Two of the 
plurality of cells are a first cell and a second cell, and if the 
first cell is a serving cell and the second cell is a non-serving 
cell, RSS for data demodulation of the first and second cells 
are shifted to be at the same positions in subframes of the first 
and second cells. 

In another aspect of the present invention, provided herein 
is, in a system having a plurality of cells participating in a 
Coordinated Multi-Point (CoMP) operation, a method for 
transmitting Reference Signals (RSs) to User Equipment 
(UE) including generating, by Base Station (BS) included in 
each of the plurality of cells, a subframe including RSS for a 
UE located in the each of the plurality of cells; and transmit 
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10 
ting the generated subframe to the UE by the BS. Each of two 
cells among the plurality of cells allocates one or more 
Resource Elements (REs), in a downlink subframe of the 
same time region, to RSS for channel measurement for a 
transmission antenna, and positions of the REs allocated to 
the RSS for channel measurement for transmission antenna 
are different between the two cells in the downlink subframes 
of the same time region. 
The two cells may have different frequency shift values 

applied to the RSS for channel measurement for the transmis 
sion antenna. 
One of two cells may not transmit data in the same posi 

tions as the REs allocated to the RSS for the channel measure 
ment for the transmission antenna by the other cell, in the 
downlink subframe of the one cell. 
The one of the two cells may not transmit the data by 

puncturing or rate matching. 
In another aspect of the present invention, provided herein 

is, in a system having a plurality of cells participating in a 
Coordinated Multi-Point (CoMP) operation, a method for 
transmitting Reference Signals (RS) to User Equipment (UE) 
including generating, by Base Station (BS) included each of 
the plurality of cells, a subframe including RSS for a UE 
located in the each of the plurality of cells; and transmitting 
the generated subframe to the UE by the BS. The subframe are 
transmitted at every predetermined interval, and one of two 
cells among the plurality of cells allocates one or more 
Resource Elements (REs) to RSS for channel measurement 
for a transmission antenna in a subframe of the one cell, and 
the other cell does not transmit data at the same positions as 
the REs allocated to the RSS for channel measurement for the 
transmission antenna by the one cell, in a subframe of the 
other cell. 
The other cell may not transmit the data by puncturing or 

rate matching. 
In another aspect of the present invention, provided herein 

is, in a system having a plurality of cells participating in a 
Coordinated Multi-Point (CoMP) operation, a method for 
transmitting data to a User Equipment (UE) located in a 
serving cell by the serving cell including transmitting data 
transmission information to the UE; and transmitting a Sub 
frame including data and Reference Signals (RSs) to the UE. 
The data transmission information indicates that data is not 
transmitted to the UE at positions of Resource Elements 
(REs) available to Common RSs (CRSs) of a non-serving 
cell, in the subframe transmitted to the UE. 
The data may not be transmitted at the positions by punc 

turing or rate matching. 
A plurality of cells participating in a CoMP operation can 

transmit RSs to a UE, minimizing ICI in the exemplary 
embodiments of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are included to pro 
vide a further understanding of the invention, illustrate 
embodiments of the invention and together with the descrip 
tion serve to explain the principle of the invention. 

In the drawings: 
FIG. 1 illustrates a type-1 radio frame structure. 
FIG. 2 illustrates a type-2 radio frame structure. 
FIG. 3 illustrates a Long Term Evolution (LTE) downlink 

slot structure. 
FIG. 4 illustrates an ITE uplink slot structure. 
FIG. 5 illustrates an exemplary downlink subframe struc 

ture. 

FIG. 6 illustrates an exemplary uplink subframe structure. 
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FIG. 7 illustrates the configuration of a typical MIMO 
communication system. 

FIG. 8 illustrates channels from N. Transmission (Tx) 
antennas to an i' Reception (RX) antenna. 

FIG.9 illustrates a downlink RS allocation structure in case 
ofanormal Cyclic Prefix (CP) in a 3"Generation Partnership 
Project Long Term Evolution (3GPP LTE) system. 

FIG. 10 illustrates a downlink RS allocation structure in 
case of an extended CP in the 3GPP LTE system. 

FIG. 11 illustrates Common Reference Signal (CRS) allo 
cation patterns for two cells in the 3GPP ITE system. 

FIGS. 12 and 13 illustrate CRS allocation patterns for cells 
participating in a Coordinated Multi-Point (CoMP) operation 
according to an exemplary embodiment of the present inven 
tion. 

FIGS. 14 and 15 illustrate CRS allocation patterns for cells 
participating in a CoMP operation according to another 
exemplary embodiment of the present invention. 

FIGS. 16 and 17 illustrate CRS allocation patterns for cells 
participating in a CoMP operation according to another 
exemplary embodiment of the present invention. 

FIG. 18 illustrates subframe structures for two cells 
capable of participating in a CoMP operation, when the cells 
have different cell-specific frequency shift values but support 
the same number of antennas. 

FIG. 19 illustrates subframe structures for two cells par 
ticipating in a CoMP operation, when the cells have the same 
cell-specific frequency shift value, one of the cells Supports 
four antennas, and the other cell Supports two antennas. 

FIG. 20 illustrates subframe structures for two cells par 
ticipating in a CoMP operation, when the cells have different 
cell-specific frequency shift values, one of the cells Supports 
four antennas, and the other cell Supports two antennas. 

FIG. 21 illustrates CRS and Dedicated Reference Signal 
(DRS) allocation patterns for two cells in case of a normal CP, 
when the cells have different cell-specific frequency shift 
values according to an exemplary embodiment of the present 
invention. 

FIG. 22 illustrates CRS and DRS allocation patterns for 
two cells in case of an extended CP, when the cells have 
different cell-specific frequency shift values according to an 
exemplary embodiment of the present invention. 

FIGS. 23, 24 and 25 illustrate CRS and DRS allocation 
patterns, when CoMP cells are from two groups Group A and 
Group B according to exemplary embodiments of the present 
invention. 

FIGS. 26 and 27 illustrate CRS and DRS allocation pat 
terns, when CoMP cells are only from one group, Group A 
according to exemplary embodiments of the present inven 
tion. 

FIGS. 28 and 29 illustrate CRS and DRS allocation pat 
terns, when CoMP cells are only from one group, Group B 
according to exemplary embodiments of the present inven 
tion. 

FIGS. 30 and 31 illustrate CRS and DRS allocation pat 
terns, when CoMP cells are only from one group, Group C 
according to a further exemplary embodiment of the present 
invention. 

FIG.32 illustrates CSI-RS and DRS allocation patterns for 
CoMP cells according to an exemplary embodiment of the 
present invention. 

FIG. 33 illustrates shifting of DRSs of a serving cell to 
avoid collision between DRSs and Channel State Informa 
tion-Reference Signals (CSI-RSs), when two cells perform a 
CoMP operation according to an exemplary embodiment of 
the present invention. 
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FIGS.34 and 35 illustrate shifting of CSI-RSs and DRSs of 

a non-serving cell to avoid collision between DRSs and CSI 
RSs, when two cells perform a CoMP operation according to 
an exemplary embodiment of the present invention. 

FIG. 36 illustrates a radio frame structure according to an 
exemplary embodiment of the present invention. 
FIGS.37 and 38 illustrate subframe structures according to 

exemplary embodiments of the present invention. 
FIGS. 39 to 50 illustrate CSI-RS allocation patterns when 

a predetermined number of Resource Element (RE) positions 
are preset for transmission of CSI-RSs according to exem 
plary embodiments of the present invention. 

FIG. 51 illustrates CSI-RS allocation patterns for two cells 
participating in a CoMP operation in Frequency Division 
Multiplexing (FDM) according to an exemplary embodiment 
of the present invention. 

FIG. 52 is a block diagram of an apparatus which is appli 
cable to an evolved Node B (eNB) and a User Equipment 
(UE), for implementing the methods according to the exem 
plary embodiments of the present invention. 

Reference will now be made in detail to the exemplary 
embodiments of the present invention with reference to the 
accompanying drawings. The detailed description, which 
will be given below with reference to the accompanying 
drawings, is intended to explain exemplary embodiments of 
the present invention, rather than to show the only embodi 
ments that can be implemented according to the invention. 
The following description includes specific details in order to 
provide a thorough understanding of the present invention. 
However, it will be apparent to those skilled in the art that the 
present invention may be practiced without Such specific 
details. The same reference numbers will be used throughout 
this specification to refer to the same or like parts. 

Techniques, apparatus, and system as set forth herein are 
applicable to a wide range of radio access technologies Such 
as Code Division Multiple Access (CDMA), Frequency Divi 
sion Multiple Access (FDMA), Orthogonal Frequency Divi 
sion Multiple Access (OFDMA), Single Carrier-Frequency 
Division Multiple Access (SC-FDMA), etc. 
CDMA may be implemented into radio technologies like 

Universal Terrestrial Radio Access (UTRA) or CDMA2000. 
TDMA may be implemented into radio technologies includ 
ing Global System for Mobile communications (GSM), Glo 
bal Packet Radio Service (GPRS), and Enhanced Data Rate 
for GSM Evolution (EDGE). OFDMA may be implemented 
into radio technologies such as Institute of Electrical and 
Electronics Engineers (IEEE) 802.11 (Wi-Fi), IEEE 802.16 
(WiMAX), IEEE 802.20, and Evolved-UTRA or E-ULTRA. 
UTRA is part of Universal Mobile Telecommunication Sys 
tem (UMTS). 3." Generation Partnership Project (3GPP) 
Long Term Evolution (LTE) is part of Evolved-UMTS or 
E-UMTS using E-UTRA-3GPP LTE adopts OFDMA for the 
downlink and SC-FDMA for the uplink. LTE-Advanced 
(LTE-A) is an evolution of 3GPP LTE. While the present 
invention is described in the context of 3GPP LTE and LTE 
A, it should be understood that the technical features of the 
present invention are not limited to 3GPP LTE and LTE-A. 

There are largely two types of Reference Signals (RSs), 
Dedicated RS (DRS) and Common RS (CRS). DRSs are 
known to a particular User Equipment (UE), whereas CRSs 
are known to all UEs. In general, DRSs are used for data 
demodulation and CRSs are used for channel measurement. 
In the drawings, reference character D denotes DRSs and 
reference numerals 0, 1, 2 and 3 denote CRSs. In addition, 
channel measurement-RSS for antennas added to a system 
will be referred to as Channel State Information-RSs (CSI 
RSs). 
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A plurality of cells may support one UE in cooperation in 
two methods. One is that a plurality of cells share a Radio 
Frequency (RF) carrier frequency in a CoMP operation, and 
the other is that a plurality of cells use different RF carrier 
frequencies in a CoMP operation. 

In the former cooperation method, for example, two cells 
each having a single antenna transmit data by transmit diver 
sity such as Space Time Block Coding (STBC) or Space 
Frequency Block Coding (SFBC), thus decreasing error rate. 
The latter cooperation method, for example, may be per 
formed by allocating different frequency bands to a UE by 
different cells. In this manner, more data may be transmitted 
in the resulting wide frequency band. 

DETAILED DESCRIPTION OF THE INVENTION 

Hereinbelow, a description will be made of methods for 
designing CRS and DRS allocation patterns or CSI-RS and 
DRS allocation patterns to minimize ICI, for cells sharing the 
same RF carrier frequency as in the above first cooperation 
method. 
Embodiment 1 
Case 1: Each CoMP Cell has One Transmission (Tx) 

Antenna. 
FIG. 9 illustrates a CRS allocation structure in case of a 

normal CP in a 3GPP LTE system and FIG. 10 illustrates a 
CRS allocation structure in case of an extended CP in the 
3GPP LTE system. In FIGS. 9 and 10, reference numerals 0, 
1, 2 and 3 denote CRSs for antenna port 0 to antenna port 3. 

If CoMP cells have a single Tx antenna, it is assumed that 
they transmit RSs 0 in FIGS. 9 and 10. Notably, the CoMP 
cells transmit their RSs, RSS 0 at different positions. If RSS 
from some CoMP cells are at the same position, they interfere 
with each other, thus making channel estimation difficult. On 
the other hand, if one CoMP cell transmits an RS at a certain 
position and another CoMP cell transmits data at the same 
position, the channel estimation capability of the RS is 
decreased because the data acts as interference to the RS. 

Accordingly, this exemplary embodiment of the present 
invention proposes that when one CoMP cell transmits an RS 
in certain time-frequency resources, the other CoMP cells 
transmit null data in the time-frequency resources in a CoMP 
operation. To reduce the effects of interference from a 
Resource Element (RE) carrying data from another cell, 
another cell may null the RE. The nulling amounts to trans 
mission of no data in the RE by puncturing or rate matching. 
Then the cell may signal to a UE that it has nulled the RE that 
may carry an RS from another cell. In closed-loop spatial 
multiplexing, data is multiplied by a precoding matrix prior to 
transmission. Since the other CoMP cells do not transmit data 
at the position of an RS transmitted by one CoMP cell, this 
results in the same effect that a single cell multiplies data by 
a precoding matrix, for transmission. 

Case 2: Each of CoMP Cells has Two TX Antennas. 
The CoMP cells transmit RSS 0 and RSS 1 in FIGS. 9 and 

10. Notably, the RSs 0 and the RSs 1 are transmitted at 
different positions. That is, all RSS for four antenna ports are 
transmitted at different positions. As described with reference 
to Case 1, if one CoMP cell transmits an RS at a certain 
position, the other CoMP cells transmit null data at the same 
position. In closed-loop spatial multiplexing, data is multi 
plied by a precoding matrix prior to transmission. Since the 
other CoMP cells do not transmit data at the position of an RS 
transmitted by one CoMP cell, this results in the same effect 
that a single cell multiplies data by a precoding matrix, for 
transmission. 
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Case 3: One Cell Transmits an RSataPosition and Another 

Cell Transmits Data at the Same Position. 

If different cells are allowed to transmit an RS and data 
respectively at the same position, this may be done to increase 
data rate at the expense of performance degradation of RS 
based channel estimation. 

In the case where each of CoMP cells has a single Tx 
antenna and a CoMP cell is allowed to transmit data in RES 
occupied by RSS transmitted from another cell, this implies 
that precoding is not applied to time-space resources from the 
perspective of spatial multiplexing using a precoding matrix. 
If RSs common to all users are multiplied by a specific pre 
coding matrix, other users may not use the RSS. For example, 
if two cells are participating in a CoMP operation and a 
precoding matrix of rank 1 

is transmitted in time-space resources without RSS, whereas 

ht-, 
is transmitted in time-space resources carrying an RS from a 
cell. S denotes a data signal and RS denotes an RS. 

In the case where each of CoMP cells has two Tx antennas, 
they transmits RSS 0 and RSS 1 at different positions, as 
described with reference to Case 1. A cell transmits no signal 
through an antenna port at an RE where it transmits an RS 
through another antenna port. However, another cell trans 
mits data at the RE irrespective of the RS transmission of the 
cell. For instance if two cells are participating in a CoMP 
operation and a precoding matrix of rank 1 
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is transmitted in time-space resources without an RS, while a 
signal 

1 O Sl 

1j O 1 is1 
20 || || 0 || 2 || 0 

O RS 2RS 

is transmitted in time-space resources carrying an RS from a 
cell. Here, S denotes a data signal and RS denotes an RS. 
That is, data is multiplied by a precoding matrix having 0 for 
a layer in which an RS is to be transmitted, and then trans 
mitted along with the RS. 

Embodiment 2 
In another embodiment of the present invention, RS allo 

cation patterns are designed based on the concept of nulling 
described before with reference to Case. 2 of Embodiment 1. 

FIG. 11 illustrates CRS allocation patterns for two cells in 
the 3GPP LTE system. Referring to FIG. 11, each subframe 
includes two consecutive slots. In case of a normal CP, a 
Physical Resource Block (PRB) has 14 consecutive OFDM 
symbols, whereas in case of an extended CP, a PRB has 12 
consecutive OFDM symbols. To be more specific, when the 
normal CP is used, CRSs are transmitted in first, second and 
fifth symbols (1=0, 1 and 4) in each of two slots, that is, 6 
symbols, and a synchronization signal is transmitted in the 
last two symbols (1=5 and 6) of the first slot, Slot 0 of each of 
every first and sixth subframes, subframe 0 and subframe 6. In 
every first subframe, subframe 0, first to fourth symbols (1=0, 
1, 2, and 3) of a second slot, Slot 1 are used for a Physical 
Broadcast CHannel (PBCH). 

Similarly when the extended CP is used, CRSs are trans 
mitted in first, second and fourth symbols (1=0, 1 and 3) in 
each of two slots and a synchronization signal is transmitted 
in fifth and sixth symbols (1-6 and 7) of the first slot, Slot 0 
of each of every first and sixth subframes, subframe 0 and 
subframe 5. In every first subframe, subframe 0, first to 
fourth symbols (1=0, 1, 2, and 3) of a second slot, Slot 1 are 
used for a PBCH. 

For channel measurement for up to 8 Tx antennas, CRSs 
are supported forantenna port 0 to antenna port 3 and Channel 
State Information-RSs (CSI-RSs) are supported for addi 
tional antennas ports, that is, antenna port 4 to antenna port 7. 
or CSI-RSs are supported for antenna port 0 to antenna port 7. 
In this exemplary embodiment, available CSI-RS positions 
are proposed, which enable efficient resource allocation and 
offer a performance gain. 
Method 1: One Symbol is Used for CSI-RSs Every P 

Subframes. 
One symbol is available to carry CSI-RSs every P sub 

frames. That is, one symbol may be used for channel mea 
surement every P subframes. In case of the normal CP for 
example, CSI-RSs may be transmitted in one of 7 symbols 
including unused for CRSs for antenna port 0 to antenna port 
3, that is, fourth to seventh symbols (1–3, 5 and 6) of Slot 0 
and third to seventh symbols (1=2,3,5 and 6) of Slot 1. More 
preferably, considering that the fourth and seventh symbols 
(1=3 and 6) of Slot 0 and the third and sixth symbols (1=2 and 
5) of Slot 1 are used for demodulation of a Physical Downlink 
Shared CHannel (PDSCH) transmitted through a single 
antenna port, one of the three symbols being the sixth symbol 
(1-5) of Slot 0 and the fourth and seventh symbols (1=3 and 
6) of Slot 1 may be selected for CSI-RSs. 

Similarly in case of the extended CP. CSI-RSs may be 
transmitted in one of 5 symbols unused for CRSs for antenna 
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port 0 to antenna port 3, that is, fifth and sixth symbols (1=4 
and 5) of Slot 0 and third, fifth and sixth symbols (1–2, 4 and 
5) of Slot1. More preferably, considering that the fifth symbol 
(1=4) of Slot 0 and the second and fifth symbols (1=1 and 4) 
of Slot 1 are used for demodulation of a PDSCH transmitted 
through a single antenna port, one of the three symbols being 
the sixth symbol (1 =5) of Slot 0 and the third and sixth 
symbols (1=2 and 5) of Slot 1 may be selected for CSI-RSs. 
CSI-RSs are not limited to antenna port 4 to antenna port 7. 

and 12 REs forming one symbol may be wholly or partially 
used for the CSI-RSs. In both cases of the normal CP and the 
extended CP, however, the last symbol is the only symbol 
spared from other LTE functions such as carrying a PBCH, 
DRSs, CRSs for antenna port 0 to antenna port 3, and a 
synchronization signal. Therefore, it is preferable to deliver 
the CSI-RSs in the last symbol, thereby minimizing the 
effects of the CSI-RSs on the performance of Release-8 UEs. 

FIGS. 12 and 13 illustrate CRS allocation patterns for cells 
participating in a Coordinated Multi-Point (CoMP) operation 
according to an exemplary embodiment of the present inven 
tion. If a CRS allocation pattern for antenna 0 to antenna 3 is 
reused for CoMP channel measurement, CRSs from different 
CoMP cells may collide in some REs. The collision means 
interfering between CRSs transmitted at the same RE posi 
tion in a subframe from different CoMP cells. Then, two cells 
Cell 0 and Cell 1 may suffer from performance degradation 
due to their CRSs in the same REs. To avoid CRS collision 
between cells, it is proposed as illustrated in FIG. 12 that each 
cell transmits CSI-RSs at cell-specific positions. The same 
thing may be applied to DRSs as well as CSI-RSs. In FIG. 12, 

and represent REs carrying CSI-RSs from Cell 0 and 
Cell 1, respectively. One of methods for allocating CSI-RSs 
to REs without inter-cell collision is to separate CSI-RSs 
from each other according to cells in the time domain. As 
illustrated in FIG. 12, for example, the seventh symbol (1=6) 
of Slot 1 is available for CSI-RS transmission of Cell 0, 
whereas the fourth symbol (1–3) of Slot 1 is available for 
CSI-RS transmission of Cell 1. 

Although all CoMP cells cannot avoid CSI-RS collision, 
each cell may choose a CSI-RS allocation pattern that causes 
as minimal CSI-RS collision as possible. In this manner, 
efficient CSI-RS allocation patterns may be designed, which 
minimize system loss. 
More preferably, despite the existence of CRSs for antenna 

port 0 to antenna port 3, CSI-RSs may be designed for 
antenna port 0 to antenna port 7, particularly for a CoMP 
operation. Since CoMP cells may be grouped according to 
their cell-specific values (e.g. cell-specific frequency shift 
values V, by which RSs of each cell are shifted along the 
frequency axis so that RSs of the cells reside at different 
positions), each cell group Such as Cell group A and Cell 
group B may have a different symbol for CSI-RSs, as illus 
trated in FIG. 12. It is possible to transmit CSI-RSs in every 
predetermined period P (i.e. a CSI-RS transmission period) 
depending on a channel environment or an RS overhead 
related system requirement. A set of symbols carrying CSI 
RSs may be different for each cell group and signaled to UEs. 
Also, the set of symbols carrying CSI-RSs may be associated 
with cell IDs, determined by a specific function. Therefore, a 
UE may identify the set of symbols carrying CSI-RSS by the 
cell IDS. 

Meanwhile, if channel measurement is carried out using 
CSI-RSs transmitted in the patterns illustrated in FIG. 12, 
CSI-RSs of one cell in specific REs may be interfered by data 
of another cell in the specific REs. The interference from data 
from another cell may be reduced by nulling the data in the 
REs, as illustrated in FIG. 13. Nulling means transmission of 
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no data in an RE by puncturing or rate matching. In FIG. 13. 
N represents nulled REs. Thus Cell 1 may null data in RES 
where Cell 0 transmits CSI-RSs and also Cell 0 may null data 
in RES where Cell 1 transmits CSI-RSS. 
Method 2: Two Symbols are Used for CSI-RSs Every P 

Subframes. 
If a single symbol is used for transmission of CSI-RSs as in 

Method 1, the symbol is too crowded with the CSI-RSs to 
carry data or DRSs. In this context, this exemplary embodi 
ment proposes that two symbols are allocated to CSI-RSs. For 
example, as 4 or 6 REs are allocated to CSI-RSs in each 
symbol, CSI-RSs may be less dense than in Method 1. 

In case of the normal CP, therefore, CSI-RSs may be deliv 
ered in two of 7 symbols including unused for CRSs for 
antenna port 0 to antenna port 3, that is, fourth to seventh 
symbols (1–3, 5 and 6) of Slot 0 and third to seventh symbols 
(1–2, 3, 5 and 6) of Slot 1. More preferably, considering that 
the fourth and seventh symbols (1=3 and 6) of Slot 0 and the 
third and sixth symbols (1=2 and 5) of Slot 1 are used for 
demodulation of a PDSCH transmitted through a single 
antenna port, two of the remaining three symbols being the 
sixth symbol (1 =5) of Slot 0 and the fourth and seventh 
symbols (1=3 and 6) of Slot 1 may be selected for CSI-RSs. 

Similarly in case of the extended CP. CSI-RSs may be 
transmitted in two of 5 symbols unused for CRSs for antenna 
port 0 to antenna port 3, that is, fifth and sixth symbols (1=4 
and 5) of Slot 0 and third, fifth and sixth symbols (1–2, 4 and 
5) of Slot1. More preferably, considering that the fifth symbol 
(1=4) of Slot 0 and the second and fifth symbols (1=1 and 4) 
of Slot 1 are used for demodulation of a PDSCH transmitted 
through a single antenna port, two of the remaining three 
symbols being the sixth symbol (1 =5) of Slot 0 and the third 
and sixth symbols (1=2 and 5) of Slot 1 may be selected for 
CSI-RSs. Alternatively or additionally, one symbol per slot 
may be used for CSI-RSs to cover a channel delay spread. 
The use of two symbols for CSI-RSs in a CoMP operation 

is highly likely to result in simultaneous use of at least one 
same CST-RS symbol between cells. Hence, cell-specific 
frequency shift values V, or a similar factor may be taken 
into account in order to avoid CSI-RS collision. 

FIGS. 14 and 15 illustrate CRS allocation patterns for cells 
participating in a CoMP operation according to another 
exemplary embodiment of the present invention. 

Referring to FIG. 14, for each cell or cell group, there is a 
probability of having one (1=5 in Slot 0) of two CSI-RS 
symbols overlapped with a CSI-RS symbol of its neighbor 
cell or cell group. To reduce interference from the neighbor 
cellor cell group, the cell-specific frequency shift value of the 
cell or cell group may be changed. As illustrated in FIG. 14, 
symbols carrying CSI-RSs have room for data or DRSs. 

Meanwhile, if channel measurement is carried out using 
CSI-RSs transmitted in the patterns illustrated in FIG. 14, 
CSI-RSs transmitted in specific REs by one CoMP cell may 
be interfered by data transmitted in the specific REs by 
another CoMP cell. The interference from data from another 
CoMP cell may be reduced by nulling the data in the REs, as 
illustrated in FIG. 15. In FIG. 15, N represents nulled REs. 
Thus Cell 1 may null data in REs where Cell 0 transmits 
CSI-RSs and also Cell 0 may null data in REs where Cell 1 
transmits CSI-RSs. 

Method 3: CSI-RSs are Transmitted in the Same Symbols 
Carrying CRSs for Antenna Port 0 to Antenna Port3 Every P 
Subframes. 

FIGS. 16 and 17 illustrate CRS allocation patterns for cells 
participating in a CoMP operation according to another 
exemplary embodiment of the present invention. 
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As demodulation-DRSs (DM-DRSs) are also transmitted 

in time-frequency resources, there is a limited number of REs 
available to CSI-RSs. Assuming that CSI-RSs do not coexist 
with DRSs in the same symbol and high power boosting is not 
required for RSs, additional CSI-RSs may be transmitted in 
OFDM symbols carrying CRSs. 

Referring to FIGS. 16 and 17, up to four symbols except for 
a PDCCH region are available to the additional CSI-RSs, and 
the remaining eight REs of each of the available symbols may 
be wholly or partially used for CSI-RSs. 

If the CST-RSs are inserted only in OFDM symbols carry 
ing CRSs, the CSI-RSs and the DRSs are positioned in dif 
ferent OFDM symbols. As a consequence, power boosting of 
the CSI-RSs for improved channel estimation does not affect 
the DRSs, thereby making it possible to design an efficient 
DRS allocation pattern. 
Embodiment 3 
Now a description will be made of CRS and DRS alloca 

tion patterns, when CoMP cells have the same number of Tx 
antennas or different numbers of Tx antennas. Embodiment 3 
is about designing RS patterns based on the concept of nulling 
described before with reference to Case 2 of Embodiment 1. 

FIG. 18 illustrates subframe structures for two cells 
capable of participating in a CoMP operation, when the cells 
have different cell-specific frequency shift values but support 
the same number of antennas. 

Referring to FIG. 18, reference numerals 0, 1, 2 and 3 
denote CRSs for antenna port 0 to antenna port 3, respec 
tively and S 
represents nulled REs. The nulling may be realized in two 
methods. One of the nulling methods is that encoded data are 
first inserted in REs and then punctured prior to transmission, 
thus virtually transmitting no information in the REs, and the 
other nulling method is that data is rate-matched so that no 
data are inserted in REs. 

In the LTE system, RSs are allocated to REs according to a 
cell-specific frequency shift value Va. On the assumption 
that a UE has knowledge of the cell IDs of CoMP cells, the UE 
may find out REs available to the CoMP cells and RS alloca 
tion patterns of the CoMP cells and accordingly perform 
channel measurement and demodulation. However, as two 
cells with different cell IDs can participate in a CoMP opera 
tion as illustrated in FIG. 18, CRSs may collide with data 
between the cells. 

For instance, if one of two CoMP cells, Cell 1 is silenced, 
Cell 1 nulls data in REs carrying CRSs of Cell 2 in an RB 
allocated to Cell 2 because a UE should demodulate data 
transmitted by Cell 2. Even though Cell 1 is not silenced, Cell 
1 cannot transmit data in REs that are not used by an anchor 
cell connected to the UE and carry CRSs of Cell 2 in an RB 
received by the UE. Silencing is a technique of transmitting 
only information and signals required for operating as a cell, 
not data in predetermined time-frequency areas by a certain 
CoMP cell among CoMP cells. 

While the description made so far is based on the premise 
that CoMP cells basically have the same number of Tx anten 
nas, a system where CoMP cells have different numbers of Tx 
antennas may be implemented under circumstances. For the 
convenience sake of description, it is assumed that Cell 1 
Supports four TX antennas and Cell 2 Supports two TX anten 
aS. 

FIG. 19 illustrates subframe structures for two cells Cell 1 
and Cell 2 participating in a CoMP operation, when the cells 
have the same cell-specific frequency shift value V, one of 
the cells, Cell 1 supports four antennas, and the other cell, 
Cell 2 supports two antennas. The number of transmitted RSS 
varies with the number of supported Tx antennas. Hence, RSS 
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for antenna port 2 and antenna port 3 transmitted in certain 
REs from Cell 1 collide with data transmitted in the REs from 
Cell 2. Then Cell 2 should null the data in the REs to avoid the 
RS-data collision. 

FIG. 20 illustrates subframe structures for two cells Cell 1 
and Cell 2 participating in a CoMP operation, when the cells 
have different cell-specific frequency shift values V, one of 
the cells, Cell 1 supports four antennas, and the other cell, 
Cell 2 supports two antennas. The number of transmitted RSS 
varies with the number of supported Tx antennas and cell 
specific frequency shift values V. Hence, RSs transmitted 
in certain REs from one cell collide with data transmitted in 
the REs from another cell. Then each of Cell 1 and Cell 2 
should null data in REs carrying RSs of the other cell to avoid 
the RS-data collision. 
When a cell in a set of cells capable of participating in a 

CoMP operation transmits CRSs in the same REs carrying 
data from another cell, the data may be nulled in the REs in the 
following methods. 
A) If the cells capable of participating in the CoMP opera 

tion have different numbers of Tx antennas, a cell may null 
data in REs carrying CRSs from another cell, with respect to 
an anchor cell. 

B) Even though a cell is designated as capable of partici 
pating in the CoMP operation according to a transmission 
scheme at the moment data can be transmitted in a CoMP 
scheme, the cell may not transmit data actually. 

According to a CoMP transmission scheme, a CoMP cell 
may null REs which are supposed to be nulled by the anchor 
cell or may not null the REs by receiving additional signaling 
from an Evolved Node B (eNB) in the present invention. 

In the case where a CoMP cell has to null data in RES 
carrying RSS from another CoMP cell, the data nulling may 
be indicated to the UE by signaling from a higher layer or by 
signaling on a PDCCH. 

FIG. 21 illustrates CRS and DRS allocation patterns for 
two cells, Cell 1 and Cell 2 in case of a normal CP, when the 
cells have different cell-specific frequency shift values 
according to an exemplary embodiment of the present inven 
tion. On the assumption that a UE has knowledge of the cell 
IDs of CoMP cells, the UE may find out REs available to the 
CoMP cells and RS allocation patterns of the CoMP cells and 
accordingly perform channel measurement and demodula 
tion. More specifically, when two cells with different cell IDs 
participate in a CoMP operation, they have different cell 
specific frequency shift values V., according to Equation 
12 and Equation 14 and thus different RS allocation pat 
terns. 

As noted from FIG. 21, in case of the normal CP, neither 
CRSs nor DRSs occupy the same REs between Cell 1 and 
Cell 2 in a PRB irrespective of the cell-specific frequency 
shift values v. of the CRSs and DRSs. 

FIG. 22 illustrates CRS and DRS allocation patterns for 
two cells, Cell 1 and Cell 2 in case of an extended CP, when 
the cells have different cell-specific frequency shift values 
according to an exemplary embodiment of the present inven 
tion. 

Referring to FIG. 22, CRSs and DRSs exist in the same 
symbol (1=1 in a second slot, Slot 2) in case of the extended 
CP. As a result, it may occur that CRSs may collide with DRSs 
between Cell 1 and Cell 2, thus interfering between them. 
Thus, system performance is degraded. 

Basically, this problem can be overcame by puncturing 
either the CRSs or the DRSs. Puncturing the CRSs decreases 
the accuracy of channel measurement, whereas puncturing 
the DRSs decreases the accuracy of channel estimation. 
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Considering that channel estimation for demodulation is 

usually more significant than channel measurement, the 
CRSs may be punctured. Yet, the present invention proposes 
that a rule is set to avoid allocation of CRSs and DRSs to the 
same REs between different cells rather than either the CRSs 
or the DRSs are punctured. 
As stated before, the cell-specific frequency shift values 

v., of CRSs and DRSs are determined by Equation 13), 
Equation 14 and Equation 15 in the LTE system. Thus to 
avoid collision between CRSs and DRSs of different cells, 
cells capable of participating in a CoMP operation needs to be 
grouped. Because the cell-specific frequency shift value V, 
of DRSs is one of 0,1 and 2 according to Equation 15, entire 
CoMP cells may be grouped into three cell groups. 

In this exemplary embodiment, cells are grouped into 
Group A, Group B and Group C according to their cell 
specific frequency shift values V, of CRSs, 0, 1 and 2. Yet, 
this specific number of groups is a mere exemplary applica 
tion and thus many other numbers of groups may be produced 
according to values V, in other systems. 

Implementation of a CoMP operation with the above three 
groups may lead to collision between CRSs and DRSs of 
different CoMP cells. Therefore, it is proposed that cells from 
two of the three groups serve as CoMP cells. In this case, it is 
also proposed that DRSs of each of the two groups are allo 
cated to REs based on a frequency shift value V., corre 
sponding to REs unused for CRSs (or CSI-RSs) in the two 
groups. The following examples are about configuring CoMP 
cells from two of the three groups. 

Case 1: Cells from Group A and Group B Serve as CoMP 
Cells. 
FIG.23 illustrates CRS and DRS allocation patterns, when 

CoMP cells are from two groups Group A and Group B 
according to an exemplary embodiment of the present inven 
tion. 
CoMP cells from Group A and Group B have CRS fre 

quency shift values V of 0 and 1, respectively. Thus CRSS 
of the CoMP cells are shifted along the frequency axis as 
illustrated in FIG. 23. One thing to note herein is that DRS 
frequency shift values of the CoMP cells should be deter 
mined based on a frequency shift value V, corresponding to 
REs unused for the two groups in order to avoid collision 
between CRSs and DRSs. For example, based on DRS allo 
cation patterns defined in the current LTE system, a DRS 
frequency shift value V, may be calculated by Equation 
16. 

DRS v-(CRS v of Group C+1)% Number of 
Groups 

Case. 2: Cells from Group A and Group C Serve as CoMP 
Cells. 

FIG. 24 illustrates CRS and DRS allocation patterns, when 
CoMP cells are from two groups Group A and Group C 
according to an exemplary embodiment of the present inven 
tion. CoMP cells from Group A and Group C have CRS 
frequency shift values V, of 0 and 2, respectively. Thus 
CRSs of the CoMP cells are shifted along the frequency axis 
as illustrated in FIG. 24. In order to avoid collision between 
CRSs and DRSs, DRS frequency shift values of the CoMP 
cells should be determined based on a frequency shift value 
V, corresponding to REs unused for the two groups. For 
example, based on the DRS allocation patterns defined in the 
current ITE system, a DRS frequency shift value V, may be 
calculated by Equation 17. 

Equation 16 

DRS v-(CRS v of Group B+1)% Number of 
Groups Equation 17 
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Case. 3: Cells from Group B and Group C Serve as CoMP 
Cells. 

FIG.25 illustrates CRS and DRS allocation patterns, when 
CoMP cells are from two groups Group B and Group C 
according to an exemplary embodiment of the present inven 
tion. CoMP cells from Group B and Group C have CRS 
frequency shift values v. of 1 and 2, respectively. Thus 
CRSs of the CoMP cells are shifted along the frequency axis 
as illustrated in FIG. 25. In order to avoid collision between 
CRSs and DRSs, DRS frequency shift values of the CoMP 
cells should be determined based on a frequency shift value 
V, corresponding to REs unused for the two groups. For 
example, based on the DRS allocation patterns defined in the 
current LTE system, a DRS frequency shift value V, may be 
calculated by Equation 18. 

DRS v. (CRS v of Group A+1)% Number of 
Groups Equation 18 

CoMP cells are configured from two of three groups in the 
above description. On the other hand, CoMP cells may be 
configured from one of the three cells, which will be 
described below. 
When cells from one of three groups categorized according 

to CRS frequency shift values V. serves as CoMP cells, 
DRSS of the CoMP cells are allocated to RES based on a 
frequency shift value V, corresponding to REs unused by 
the CoMP cells. In the following examples, cells from each of 
the three groups perform a CoMP operation as CoMP cells 
and have the same CRS frequency shift value V, Hence, 
more REs are available for DRSs than in the foregoing 
examples. Now a description will be made of CRS and DRS 
allocation patterns when CoMP cells are from one group. 

Case. 1: Cells Only from Group A Serve as CoMP Cells. 
FIGS. 26 and 27 illustrate CRS and DRS allocation pat 

terns, when CoMP cells are from Group A according to exem 
plary embodiments of the present invention. 

Referring to FIGS.26 and 27, CoMP cells only from Group 
A have a CRS frequency shift value V of 0. Thus CRSs of 
the CoMP cells are shifted along the frequency axis as illus 
trated in FIGS. 26 and 27. For example, based on the DRS 
allocation patterns defined in the current LTE system, a DRS 
frequency shift value V, may be calculated by Equation 
19 or Equation 20. Then the DRS frequency shift values 
v. 0 and 2, respectively by Equation 19 and Equation 
20. 

DRS v. CRS v of Group A Equation 19 

DRS v. (CRS v of Group A+2)% Number of 
Groups Equation 20 

Case. 2: Cells Only from Group B Serve as CoMP Cells. 
FIGS. 28 and 29 illustrate CRS and DRS allocation pat 

terns, when CoMP cells are only from Group B according to 
exemplary embodiments of the present invention. 

Referring to FIGS. 28 and 29, CoMP cells only from Group 
B have a CRS frequency shift value v. of 1. Thus CRSs of 
the CoMP cells are shifted along the frequency axis as illus 
trated in FIGS. 28 and 29. For example, based on the DRS 
allocation patterns defined in the current LTE system, a DRS 
frequency shift value V, may be calculated by Equation 
21 or Equation 22. Then the DRS frequency shift values 
v, -1 and 0, respectively by Equation 21 and Equation 
22. 

DRS v. CRS v of Group B Equation 21 

DRS v-(CRS v of Group B+2)% Number of 
Groups Equation 22 
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Case. 3: Cells Only from Group C Serve as CoMP Cells. 
FIGS. 30 and 31 illustrate CRS and DRS allocation pat 

terns, when CoMP cells are from Group C according to exem 
plary embodiments of the present invention. 

Referring to FIGS.30 and 31, CoMP cells only from Group 
Chave a CRS frequency shift value v. of 2. Thus CRSs of 
the CoMP cells are shifted along the frequency axis as illus 
trated in FIGS. 30 and 31. For example, based on the DRS 
allocation patterns defined in the current LTE system, a DRS 
frequency shift value V, may be calculated by Equation 23 
or Equation 24. Then the DRS frequency shift values 
v. 2 and 1, respectively by Equation 23 and Equation 
24. 

DRS v. CRS v of Group C Equation 23 

DRS v-(CRS v of Group C+2)% Number of 
Groups Equation 24 

In the LTE system, each cell has a different cell-specific 
frequency shift value V, for RSs. A UE receives cell IDs of 
cells capable of participating in a CoMP and then a UE can 
figure out data transmission or information about a CRS 
allocation pattern of each of the cells from an eNB. Based on 
the received information, the UE may know REs available to 
each of the cells and an RS allocation pattern of each of the 
cells and thus may perform channel measurement and 
demodulated. However, since cells with different cell IDs 
from two groups, Group 1 and Group 2 may participate in a 
CoMP operation, data and CRSs may be position at the same 
REs between the cells. Therefore, each of the cells should null 
data in REs carrying CRSs of the other cell. However, the 
cells may determine whether to null the data in the REs by 
receiving signaling. 

Meanwhile, when CoMP information is signaled to the UE 
from a higher layer or on a PDCCH, the CoMP information 
may indicate REs in which data has been nulled or cells or cell 
groups that have participated in a CoMP operation. The UE 
may determine the positions or frequency shift value of DRSs 
V, using the received CoMP information. 

In summary, the above-proposed DRS frequency shift 
value (DRSV) indication methods are 1) using DRS fre 
quency shift values derived according to CoMP cells as fixed 
values, 2) receiving DRS frequency shift values or equivalent 
information Such as information about cell groups that have 
participated in a CoMP operation by signaling from a higher 
layer, and 3) receiving DRS frequency shift values or equiva 
lent information Such as information about cell groups that 
have participated in a CoMP operation on a PDCCH. 
How CRS and DRS allocation patterns are designed has 

been described above. However, the CRS and DRS allocation 
pattern designing methods are not limited to CRSs and DRSs 
and are applicable to designing CSI-RS and DRS allocation 
patterns in the same manner. 

If CSI-RSS and DRSS of each of CoMP cells are allocated 
to the same symbol, it may occur that DRSs and CSI-RSs of 
the CoMP cells are at the same positions, thus causing colli 
sion between them. Thus, methods for preventing the DRS 
CSI-RS collision will be described below. When joint pro 
cessing is considered for a CoMP operation, DRSs of 
different CoMP cells may be shifted so that they share the 
same resources in exemplary embodiments described below. 
Accordingly, it is useful that the DRS frequency shift value is 
UE-specific. 
FIG.32 illustrates CSI-RS and DRS allocation patterns for 

CoMP cells according to an exemplary embodiment of the 
present invention. Referring to FIG. 32, if a CSI-RS fre 
quency shift value V, is tied to a cell-specific value, that is, 
a cell ID, DRSs may collide with CSI-RSs in the same REs. 
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FIG. 33 illustrates shifting of DRSs of a serving cell to 
avoid collision between DRSs and CSI-RSs, when two cells 
perform a CoMP operation according to an exemplary 
embodiment of the present invention. To avoid the DRS-CSI 
RS collision, the following operation may be performed. If 
Cell 0 is a serving cell, DRSs of the serving cell may be 
shifted to share the same resources with DRSs of another 
CoMP cell. When needed, Cell 0 may null REs carrying data. 
On the other hand, for the DRS shift of the non-serving cell, 

CSI-RSs of the non-serving cell may also be shifted. For this 
purpose, it is proposed that a cell-specific CSI-RS frequency 
shift value V, is signaled from a higher layer. That is, 
CSI-RSs may be shifted for the DRS shift. From the perspec 
tive of the higher layer signaling, the CSI-RS frequency shift 
value V, may be different from a DRS frequency shift value 
v. Also, the frequency shift values V of CSI-RS may be 
signaled in a UE-specific manner. The signaling may be 
implemented as Radio Resource Control (RRC) signaling or 
dynamic PDCCH signaling. 

FIGS.34 and 35 illustrate shifting of CSI-RSs and DRSs of 
a non-serving cell to avoid collision between DRSs and CSI 
RSs, when two cells perform a CoMP operation according to 
an exemplary embodiment of the present invention. When 
needed, the non-serving cell may null REs carrying data. 

Embodiment 4 
FIG. 36 illustrates a radio frame structure according to an 

exemplary embodiment of the present invention. In this 
embodiment, channel information about cells or cell groups 
participating in a CoMP operation is measured in different 
subframes. It is assumed in FIG. 36 that second, fifth and 
eighth subframes, subframe 1, subframe 4 and subframe 7 
carry CSI-RSs of Cell 0 (Cell group A), Cell 1 (Cell group B) 
and Cell 2 (Cell group C), respectively. Due to different 
subframes carry CSI-RSs of different cells or cell groups, for 
channel measurement, a problem encountered with measure 
ment of CSI-RSs transmitted in one subframe from different 
cells, that is, collision between CSI-RSs of different cells that 
are allocated to the same RES based on cell-specific frequency 
shift values. Accordingly, there is no need for modifying a 
CSI-RS format as stated before, in order to support MIMO 
and CoMP simultaneously. It is known that a smaller number 
of CSI-RSs suffice for channel measurement. Hence, CSI 
RSs may be transmitted every 10 ms. 

FIGS.37 and 38 illustrate subframe structures according to 
exemplary embodiments of the present invention. 

Referring to FIGS. 37 and 38, a UE measures CSI-RSs of 
Cell 0 (Cell group A) in Subframe 1 and CSI-RSs of Cell 1 
(Cell group B) in Subframe 4. If data is punctured in specific 
REs to reduce interference with another cell, the total number 
of punctured data REs per subframe is smaller than in a CoMP 
operation where a plurality of cells transmits RSS for channel 
measurement in the same subframe. This is because Cell 1 
(Cell group B) does not need transmit its channel information 
in a subframe allocated to Cell 0 (Cell group A). To configure 
a appropriate subframe for each cell or cell group, an offset, a 
period, and information may be used. In addition, information 
indicating whether data nulling is applied or not may be 
signaled according to channel environment because interfer 
ence from data REs of a cell may be too weak to affect 
measurement of CSI-RSs transmitted from another cell. For 
nulling, a period and an offset may also be used. 

Embodiment 5 
In this embodiment, a predetermined number of RE posi 

tions are preset for dedicated allocation to CSI-RSs. If CSI 
RSs are not transmitted in some of the preset REs, the REs are 
kept vacant. First of all, a common network determines entire 
RE positions for CSI-RS transmission. Then detailed infor 
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mation about antenna ports, symbol positions, a period, etc. 
may be configured by higher layer signaling under circum 
stances. In the absence of signaling, the predetermined num 
ber of preset RE positions may be kept vacant. 

FIGS. 39 to 50 illustrate CSI-RS allocation patterns when 
a predetermined number of RE positions are preset for trans 
mission of CSI-RSs according to exemplary embodiments of 
the present invention. In FIGS. 39 to 50, FE represents REs 
for CSI-RSs. Antenna multiplexing may be performed by 
CDM, FDM, TDM or a hybrid technique. Preferably, a CDM 
scheme using 12 preset RES may support 12 antenna ports for 
a UE without puncturing data in the REs. 

FIG. 51 illustrates CSI-RS allocation patterns for two cells 
participating in a CoMP operation in FDM according to an 
exemplary embodiment of the present invention. If two cells 
participate in an FDM-CoMP operation, the CSI-RS patterns 
illustrated in FIG. 51 may be configured by higher layer 
signaling. CSI-RSS for antenna port 0 and antenna port 1 may 
be configured based on a cell. Without signaling about addi 
tional puncturing of data REs, a cell may avoid interference 
from another cell. Especially in FDM, the cell-specific fre 
quency shift value V of a CoMP cell may be signaled 
according to preset RE positions. Or preset RE positions for a 
CoMP cell may be signaled according to the cell-specific 
frequency shift value V of the CoMP cell. Or only limited 
cells may participate in a CoMP operation without any sig 
naling for allocating preset RE positions. Cell 0 supports 
antenna port 0 and antenna port 1 for a CoMP operation, as 
illustrated in FIG. 51. When Cell 0 needs to operate in 4Tx 
Single User-MIMO (SU-MIMO) by additionally supporting 
antenna port 2 and antenna port 3, it may transmit CSI-RSs 
for antenna port 2 and antenna port 3 in a different subframe 
from a subframe carrying CSI-RSS for antenna port 0 and 
antenna port 1. Information about the subframe carrying the 
CSI-RSS for antenna port 2 and antenna port 3 may be indi 
cated by an offset. 
The foregoing embodiments have been described above in 

the context of CoMP, they are also applicable to a relay 
DwPTS, etc. 

FIG. 52 is a block diagram of an apparatus which is appli 
cable to an eNB and a UE, for implementing the methods 
according to the exemplary embodiments of the present 
invention. 

Referring to FIG. 52, an apparatus 60 includes a processor 
unit 61, a memory unit 62, a Radio Frequency (RF) unit 63, a 
display unit 64, and a User Interface (UI) unit 65. The pro 
cessor unit 61 takes charge of physical interface protocol 
layers and provides a control plane and a user plane. The 
processor unit 61 may also perform the functionalities of each 
layer. The memory unit 62 is electrically connected to the 
processor unit 61 and stores an operating system, application 
programs, and general files. If the apparatus 60 is a UE, the 
display unit 64 may display a variety of information and may 
be implemented with a known Liquid Crystal Display (LCD), 
an Organic Light Emitting Diode (OLED), or the like. The UI 
unit 65 may be configured in combination with a known UI 
like a keypad, a touch screen, etc. The RF unit 63 is electri 
cally connected to the processor unit 61, for transmitting and 
receiving RF signals. 

Various embodiments have been described in the best 
mode for carrying out the invention. 
The present invention is applicable to a UE, an eNB, or 

other devices in a wireless communication system. 
Exemplary embodiments described above are combina 

tions of elements and features of the present invention. The 
elements or features may be considered selective unless oth 
erwise mentioned. Each element or feature may be practiced 
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without being combined with other elements or features. 
Further, an embodiment of the present invention may be 
constructed by combining parts of the elements and/or fea 
tures. Operation orders described in embodiments of the 
present invention may be rearranged. Some constructions of 
any one embodiment may be included in another embodiment 
and may be replaced with corresponding constructions of 
another embodiment. It is obvious to those skilled in the art 
that claims that are not explicitly cited in each other in the 
appended claims may be presented in combination as an 
exemplary embodiment of the present invention or included 
as a new claim by a Subsequent amendment after the appli 
cation is filed. 
The term “UE may be replaced with the term “Mobile 

Station (MS), Subscriber Station (SS), Mobile Subscriber 
Station (MSS), mobile terminal, etc. 
The UE may be any of a Personal Digital Assistant (PDA), 

a cellular phone, a Personal Communication Service (PCS) 
phone, a Global System for Mobile (GSM) phone, a Wide 
band Code Division Multiple Access (WCDMA) phone, a 
Mobile Broadband System (MBS) phone, etc. 
The exemplary embodiments of the present invention may 

be achieved by various means, for example, hardware, firm 
ware, Software, or a combination thereof. 

In a hardware configuration, the methods according to the 
exemplary embodiments of the present invention may be 
achieved by one or more Application Specific Integrated Cir 
cuits (ASICs), Digital Signal Processors (DSPs), Digital Sig 
nal Processing Devices (DSPDs), Programmable Logic 
Devices (PLDs), Field Programmable Gate Arrays (FPGAs), 
processors, controllers, microcontrollers, microprocessors, 
etc. 

In a firmware or Software configuration, the methods 
according to the exemplary embodiments of the present 
invention may be implemented in the form of a module, a 
procedure, a function, etc. For example, software code may 
be stored in a memory unit and executed by a processor. The 
memory unit is located at the interior or exterior of the pro 
cessor and may transmit and receive data to and from the 
processor via various known means. 

Those skilled in the art will appreciate that the present 
invention may be carried out in other specific ways than those 
set forth herein without departing from the spirit and essential 
characteristics of the present invention. The above embodi 
ments are therefore to be construed in all aspects as illustra 
tive and not restrictive. The scope of the invention should be 
determined by the appended claims and their legal equiva 
lents, not by the above description, and all changes coming 
within the meaning and equivalency range of the appended 
claims are intended to be embraced therein. 

What is claimed is: 
1. A method for transmitting, by a base station, configura 

tion information for a reference signal for a channel measure 
ment, the method comprising: 

transmitting, to a user equipment: 
first resource information for indicating a first pattern 

configured for a first reference signal time-frequency 
resource of which transmission power is non-zero, 

first subframe information for indicating a first subframe 
which contains the first reference signal time-fre 
quency resource corresponding to the first pattern, 

second resource information for indicating a second pat 
tern configured for a second reference signal time 
frequency resource of which transmission power is 
Zero, and 
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second subframe information for indicating a second 

Subframe which contains the second reference signal 
time-frequency resource corresponding to the second 
pattern, 

wherein the first subframe information includes informa 
tion indicating a first periodic interval with which the 
first subframe occurs, and the second Subframe informa 
tion indicates information indicating a second periodic 
interval with which the second subframe occurs, 

wherein each of the first and second periodic intervals 
corresponds to a plurality of subframes, and 

wherein each of the first and second subframes is com 
prised of two slots, slot 0 and slot 1, each slot includes 6 
orthogonal frequency division multiplexing (OFDM) 
symbols 0 to 5 for an extended cyclic prefix, and each of 
the first and second reference signal time-frequency 
resources is within two OFDM symbols other than 
OFDM symbols 0,1,2, and 3 of the slot 0 and other than 
OFDM symbols 0, 1, and 3 of the slot 1. 

2. The method of claim 1, wherein each of the first and 
second time patterns is one of a plurality of reference signal 
patterns defined for transmission of the reference signal. 

3. The method of claim 1, wherein the first subframe infor 
mation includes information indicating a first subframe offset 
for the first reference signal time-frequency resource, and the 
second subframe information includes information indicat 
ing a second subframe offset for the second reference signal 
time-frequency resource. 

4. A method for receiving, by a user equipment, configu 
ration information for a reference signal for a channel mea 
Surement, the method comprising: 

receiving, by the user equipment: 
first resource information for indicating a first pattern 

configured for a first reference signal time-frequency 
resource of which transmission power is non-zero, 

first subframe information for indicating a first subframe 
which contains the first reference signal time-fre 
quency resource corresponding to the first pattern, 

second resource information for indicating a second pat 
tern configured for a second reference signal time 
frequency resource of which transmission power is 
Zero, and 

second subframe information for indicating a second 
Subframe which contains the second reference signal 
time-frequency resource corresponding to the second 
pattern, 

wherein the first subframe information includes informa 
tion indicating a first periodic interval with which the 
first subframe occurs, and the second Subframe informa 
tion indicates information indicating a second periodic 
interval with which the second subframe occurs, 

wherein each of the first and second periodic intervals 
corresponds to a plurality of subframes, and 

wherein each of the first and second subframes is com 
prised of two slots, slot 0 and slot 1, each slot includes 6 
orthogonal frequency division multiplexing (OFDM) 
symbols 0 to 5 for an extended cyclic prefix, and each of 
the first and second reference signal time-frequency 
resources is within two OFDM symbols other than 
OFDM symbols 0,1,2, and 3 of the slot 0 and other than 
OFDM symbols 0, 1, and 3 of the slot 1. 

5. The method of claim 4, wherein each of the first and 
second time patterns is one of a plurality of reference signal 
patterns defined for transmission of the reference signal. 

6. The method of claim 4, wherein the first subframe infor 
mation includes information indicating a first subframe offset 
for the first reference signal time-frequency resource, and the 
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second subframe information includes information indicat 
ing a second subframe offset for the second reference signal 
time-frequency resource. 

7. A base station for transmitting configuration information 
for a reference signal for a channel measurement, the base 
station comprising: 

a processor unit; and 
a radio frequency unit configured to transmit, to a user 

equipment: 
first resource information for indicating a first pattern 

configured for a first reference signal time-frequency 
resource of which transmission power is non-zero, 

first subframe information for indicating a first subframe 
which contains the first reference signal time-fre 
quency resource corresponding to the first pattern, 

second resource information for indicating a second pat 
tern configured for a second reference signal time 
frequency resource of which transmission power is 
Zero, and 

second subframe information for indicating a second 
Subframe which contains the second reference signal 
time-frequency resource corresponding to the second 
pattern, 

wherein the first subframe information includes informa 
tion indicating a first periodic interval with which the 
first Subframe occurs, and the second Subframe informa 
tion indicates information indicating a second periodic 
interval with which the second subframe occurs, 

wherein each of the first and second periodic intervals 
corresponds to a plurality of subframes, and 

wherein each of the first and second subframes is com 
prised of two slots, slot 0 and slot 1, each slot includes 6 
orthogonal frequency division multiplexing (OFDM) 
symbols 0 to 5 for an extended cyclic prefix, and each of 
the first and second reference signal time-frequency 
resources is within two OFDM symbols other than 
OFDM symbols 0,1,2, and 3 of the slot 0 and other than 
OFDM symbols 0, 1, and 3 of the slot 1. 

8. The base station of claim 7, wherein each of the first and 
second time patterns is one of a plurality of reference signal 
patterns defined for transmission of the reference signal. 

9. The base station of claim 7, wherein the first subframe 
information includes information indicating a first subframe 
offset for the first reference signal time-frequency resource, 
and the second subframe information includes information 
indicating a second subframe offset for the second reference 
signal time-frequency resource. 
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10. A user equipment for receiving configuration informa 

tion for a reference signal for a channel measurement, the user 
equipment comprising: 

a processor unit; and 
a radio frequency unit configured to receive: 

first resource information for indicating a first pattern 
configured for a first reference signal time-frequency 
resource of which transmission power is non-zero, 

first subframe information for indicating a first subframe 
which contains the first reference signal time-fre 
quency resource corresponding to the first pattern, 

second resource information for indicating a second pat 
tern configured for a second reference signal time 
frequency resource of which transmission power is 
Zero, and 

second subframe information for indicating a second 
Subframe which contains the second reference signal 
time-frequency resource corresponding to the second 
pattern, 

wherein the first subframe information includes informa 
tion indicating a first periodic interval with which the 
first subframe occurs, and the second Subframe informa 
tion indicates information indicating a second periodic 
interval with which the second subframe occurs, 

wherein each of the first and second periodic intervals 
corresponds to a plurality of subframes, and 

wherein each of the first and second subframes is com 
prised of two slots, slot 0 and slot 1, each slot includes 6 
orthogonal frequency division multiplexing (OFDM) 
symbols 0 to 5 for an extended cyclic prefix, and each of 
the first and second reference signal time-frequency 
resources is within two OFDM symbols other than 
OFDM symbols 0, 1,2 and 3, of the slot 0 and other than 
OFDM symbols 0, 1, and 3 of the slot 1. 

11. The user equipment of claim 10, wherein each of the 
first and second time patterns is one of a plurality of reference 
signal patterns defined for transmission of the reference sig 
nal. 

12. The user equipment of claim 10, wherein the first 
Subframe information includes information indicating a first 
subframe offset for the first reference signal time-frequency 
resource, and the second subframe information includes 
information indicating a second subframe offset for the sec 
ond reference signal time-frequency resource. 
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